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BASIC-ABSTRACT: 



NOVELTY r A lithium metal anode extends the service life of a lithium secondary 
battery using by using two protection layers separated from each other in the 
anode, while both of them are arranged at a distance from the end of the 
lithium anode. 

DETAILED DESCRIPTION - The lithium metal anode having a lithium metal layer 
(20) on a current collector (10) comprises: a first protection layer (31) 
arranged on the surface of the lithium metal layer, in which the surface is 
opposite to the side contacting with the current collector; and a second 
protection layer (32) arranged inside the lithium metal layer. The protection 
layers have lithium ion conductivity and are separated from the end of the 
anode. 
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, Abstract 

The present invention is to provide the metattic lithium anode which more includes the second protective layer positioned inside the lithium metal layer more than the 
lirst protective tayer located on surface the opposite side surface ol the surface-contacting the current collector of the lithium metal layer as to the metallic lithium 
anode, which in order that Improves the lifetime of the lithium battery using the metallic lithium anode. Includes the lithium metal layer on Ihe current collector and 1. 
and the protective layer is separated from the end part of the metallic lithium anode while having the lithium ion conductivity. 

© Representative Drawing 
Drawing 1 
Index Term 

Metallic lithium anode. 
© Specification 

Title of Invention 

Metallic lithium anodes tor electrochemical cells{ Metallic lithium anodes for electrochemical cells} 
Brief Description of the Drawings 

Figure I is a task implemented example of the present invention. The metallic lithium anode including the first protective layer positioned at Ihe surface of the lithium 
metal layer and the second protective layer positioned inside the lithium metal layer is shown. 

Figure 2 shows Ihe task implemented example ol the present invention in which the protective layer altogether includes the organic protecting layer and inorganic 
protecting layer. 

Figure 3 shows Ihe task implemented example of the present invention including the metal alloy layer in which Ihe second protective layer positioned inside Ihe lithium 
metal layer can absorb the lithium and escaping. 

Figure 4 shows the task implemented example of the present Invention In which the second protective layer of 2 is posilioned Inside the lithium metal layer. 
, The Detailed Description of Invention 

' \ 'TfieiPurpose ; of Invention 

'" "" > '"'- L ''>jji^"' 11 * . i 

Q Field of Invention and the Prior Art 

The present invention relates to the electrochemical cell anode, more particularly, to the metallic lithium anode for the secondary battery. 

The lithium metal which is usable as the anode active material of the electrochemical cell theoretically has with very high energy density of about 3.860 mAh / g. Bui the 
commercialization of the secondary battery in which the secure of the longevity about the secondary battery using the metallic lithium anode is not facilitated and using 
the metallic lithium anode is not made. 

It is known that it is caused by the by-product which is generated since an electrolyte and lilhium metal contact and the by-product has the short lifetime of the 
secondary battery using the metallic lithium anode. 

It is the method for improving Ihe lifetime property of Ihe secondary battery using the metallic lithium anode. The organic protecting layer, and the Inorganic protecting 
layer or the method for coaling the organic-inorganic complex protective layer and blocking the contact of the lithium melal and electrolyte are proposed at the surface 
ol the lithium anode. 

But while being gradually destroyed, the protective layer ol the lithium melal surface any more is unable to act on the satellite exchange due to the extreme thickness 
variance (about 5 ~ about I0p«) ol the lithium melal generated around Ihe rechargeable procedure of a battery as the protective layer. The damage of the metallic 
lithium anode is accelerated if the protective layer is unable to do the issuing knuckle. The lifetime ol the secondary battery in conclusion, using the metallic lilhium 
anode shortens. 

© Technical Problems to be solved by the Invention 

It is an object of the present invention to provide the metallic lithium anode improving the lifetime of the secondary battery using the metallic lithium anode. 
Moreover, il Is another object of the present invention to provide the lithium battery in which the life is improved using the metallic lithium anode. 




The present invention is to provide the metallic lithium anode which more includes the second protective layer positioned inside the lithium metal layer more than the 
lirst protective layer located on surface the opposite side surface of Ihe surface-contacting the current collector of Ihe lithium metal layer as to the metallic lithium 
anode, including the lithium metal layer on the current collector and 1. and the protective layer has the lithium ion conductivity, and is separated from the end part of 
the metallic lilhium anode. 



The second protective layer posilioned Inside the lithium metal layer more can include the metal layer absorbing the lithium and escape. And at this lime, the metal 
layer is positioned at the surface of the transmitted contact surface direction of the second protective layer. 

Moreover, in the present invention. It provides whether it limps with the electro chemistry second or not including the metallic lithium anode. 
Moreover, in the present invention, it provides whether il limps with the electro chemistry first or not including the metallic lithium anode. 
Hereinafter, referring to Figure 1 . the technical composition of Ihe present invention is more circumstantially illustrated. 

Figure 1 is a task implemented example of Ihe present invention. Elementarily, primarily, it has the current collector (10) and lithium metal layer (20). And the metallic 
lithium anode including Ihe first protective layer (31) positioned at the surface ol Ihe lithium melal layer and the second protective layer (32) positioned inside Ihe 
lithium metal layer is shown. The lilhium melal layer (20) is divided with the second protective layer (32) to the upper region (21) and lower region (22). The first and 
the second protective layer altogether gap are spaced in the end pari ol Ihe metallic lilhium anode a predetermined and the end part is formed in the peripheral unit 
(50) of the metallic lithium anode a domain. The first protective layer (31) positioned at the surface blocks the contact belween an electrolyte and the lithium metal 
and it improves the liletime of a battery. When the first proteclive layer (31) was destroyed, the second protective layer (32) positioned in an inside lunctions as the 
new proteclive layer. 

Alter Ihe metallic lilhium anode configuration shown in fig. 1 forms the lithium melal layer (22) on ihe current collector (10) and It forms the second protective layer 
(32) on the upper part for example, by again lorming the lilhium metal layer (21) on the second prolective layer and forming the first protective layer (31) on the upper 
part it can obtain. 

The nickel foil or the copper foil etc. can be used as the current collector (10). And the current collector which vapor deposits the nickel or Ihe copper on a material 
or sputters and is manufactured can be used in other words. 

The lithium metal layer upper region (21) and lower region (22) can be formed by using the vacuum deposition melhod. The thickness of the lower region (22) and 
lithium metal layer upper region (21) is changed according to the capacity of a cathode. In order to have the capacity which is bigger than Ihe capacity of a cathode 
at least Ihe capacity is controlled. And generally the thickness of the lower region (22) and lithium metal layer upper region (21) has the thickness of Ihe White heat t" 
or about 100 to. 
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In the task implemented example, the first protective layer (31) and the second protective layer (32) can be the organic protecting layer including the organic material 
having the lithium ion conductivity. 

At this time, the organic protecting layer can be formed from the composition including acrytatemonomer. lithium salt, and polymerization initiator. Alter being coated 
with the method of the evaporation, a dipping, a cotter, a spray etc. a composition is dried and a composition forms the organic protecting layer. As an 
acrytatemonomer, it can be used among the epoxy acrylate. the urethane acrylate, the polyester acrylate, the silicone acrylate, the acrylated amine, the glycol acrylate 
and potygfycols acrylate over selected one for example. As the lithium salt, the lithium perchlorate, the boron (ithium tetra fluoride, the hexa fluorophosphate lithium, 
the lithium trifluoromethansulfonate. the lithium bistrifluoromethansulfonyiamide or these mixture etc can be used for example. It is the polymerization Initiator which is 
easily disassembled as the polymerization initiator with the heat or the light and can generate a radical. For example, a benzophenone. the benzoyl peroxide, the 
acetyl peroxide, the lauroyl peroxide, the dibutyltin diacetate. the azobis isobutyronitrile or these mixture etc can be used. 

On the other hand, the organic protecting layer provides the potyethyleneoxide system resin, and the pofymer like the acryionitrile resin or the pofymethyl methacrytate 
resin and lithium salt. In this case, the macromolecular solution used during the organic protecting layer formation can be the dispersion solution form in which the 
high molecule microparticle is dispersed or the solution form in which a polymer is completely dissolved. It is more desirable to use the solution form in order to form 
the elaborate organic protecting layer. If it has the nature that easy and does not remain a residue to the boiling point be low and removed as the solvent tor 
dispersing a polymer and lithium salt or dissolving, it is usable without the special limit. And for example, the acetonitrile. the acetone, the tetrahydrofuran. the 
dimethylformamide (dimethyl formamide). the N-methylpyrrolidinone (N-melhyl pyrrolidinone) etc can be individually. separately used as a combination in other words. 
The material mentioned in front of can be used as the lithium salt. After being coated with the method of the evaporation, a dipping, a cotter, a spray etc. the mixture 
including the membranous polymers, and the lithium salt and organic solvent is dried and the mixture including the membranous polymers, and the lithium salt and 
organic solvent forms the organic protecting layer. 

II the thickness of the organic protecting layer is so thin, the sound surface coverage is not comprised of the pin hole occur. It has the tendency the internal 
resistance is enlarged if the thickness so thicks and that the energy density is degraded. The thickness of the organic protecting layer can be done by for example, 
about 5 t*» through about 0.05 in consideration of this point. 

In the other implemented example of the present invention, protective layers (31. 32) can be the inorganic protecting layer including the inorganic substance having 
the lithium ion conductivity. The inorganic protecting layer provides the lithium silicate, the Htium borate, the lithium aluminate. the lithium phosphate, the lithium 
phosphorus oxynitride. the lithium silicosutfide. the lithium gale agate sulfide, the lithium lanthanum oxide, the lithiumtitenium oxide, the lithium borosulfide, a 
lithiumaluminosulfide, the lithium phosphosultide. the lithium nitride or these mixtures. 

The inorganic protecting layer can be formed owing to a sputtering, the evaporation deposition, the chemical vapor deposition etc. 

It contacts the lithium metal layer to the gas like the N2. S02. C02. 02. ethylene, acetylene lamp and the other method for lorming the inorganic protecting layer on 
the lithium metal layer generates the surface reaction. 

tf the thickness of the inorganic protecting layer is so thin, the sound surface coverage is not comprised of the pin hole occur. It has the tendency the internal 
resistance is enlarged if the thickness so thicks and that the energy density is degraded. The thickness of the inorganic protecting layer can be done by for example, 
about 2 i** through about 0.01 in consideration of this point. 

Hereinafter, referring to Figure 2. the present invention, and. the other implemented example is illustrated. Figure 2 is case the first protective layer (31) and the 
second protective layer (32) altogether having the organic protecting layer and inorganic protecting layer. The first protective layer (31) provides the second protective 
layer (32) is the organic protecting layer (321) and inorganic protecting layer (322) the organic protecting layer (311) and inorganic protecting layer (312) are 
included. The organic protecting layer and inorganic protecting layer can be formed with a material as described above and method in front of. At this time, the order 
of the inorganic protecting layer and organic protecting layer does not become a problem. That is. firstly the organic protecting layer is formed on divided lithium 
metal layers (21. 22). It has with the number drawing. And completes the protective layer by thereafter forming the inorganic protecting layer, firstly the inorganic 
protecting layer is formed on divided lithium metal layers (21. 22) in other words. The protective layer can be completed by thereafter forming the organic protecting 
layer. And in the other implemented example, the organic protecting layer and inorganic protecting layer are alternately laminated over the respective 2 and the 
protective layer can be completed. 

Hereinafter, referring to Figure 3. by more including the metal layer (323) absorbing the lithium in the second protective layer (32) which and. in order to case can 
include, the metal layer (323) is positioned at the surface of the contact surface direction which is transmitted of the second protective layer (32). plays the role ol 
giving the time-limited electric conductance to the second protective layer (32), the metal layer (323) does not have the metal layer (323). since does not have the 
electric conductance, the lithium metal is electrically circuit-shorted in a part of the surface of the protective layer among a discharge and remains in the form of the 
island, the second protective layer (32) compare for this possibility the metal layer (323) which as shown in illustrates the other implemented example, it shows up in 
fig. 3. it can absorb the lithium and the second protective layer (32) positioned inside the lithium metal layer (20) of the metallic lithium anode of the present invention 
can escape, is positioned inside the lithium metal layer (20) of the present invention and escape the time-limited electric conductance is given to the protective layer 
(32). as to a meaning, the metal layer can be destroyed by the volume change of the accompanied anode according to the repetition of a discharge and charge is at 
this time time-limited. Moreover, the first protective layer (31) positioned at the surface of the lithium metal layer (20) can include the metal layer (313). 

The metal layer can include zn. mg, and one or greater selected between Sn and Al. And the metal layer can be formed with a sputtering. If the thickness ol the metal 
layer is so thin, the sound surface coverage is not comprised of the pin hole occur. It has the tendency the internal resistance is enlarged if the thickness so thicks 
and that the energy density is degraded. For example, the thickness of the metal layer can be the White heat ft through about 0.01 in consideration of this point. 

Hereinatter, relerring to Figure 4. the present invention, and, the other implemented example is Illustrated. The metallic lithium anode includes the protective layer 
more than 2 inside the lithium metal layer. Generally, the protective layer included inside the lithium metal layer (20) does less than 10 abouts. Figure 4 shows the task 
implemented example in which second protective layers (32. 32') of 2 are positioned inside the lithium metal layer (20). 

The protective layer (31. 32. 32') provides the organic protecting layer, and the inorganic protecting layer and metal layer, at least, one. In the other implemented 
example of the present invention, it can have the different material and different configuration layer with protective layers (31. 32. 32'). 

Moreover, in the present invention, the lithium battery including the metallic lithium anode illustrated is provided in front of. As to the lithium battery of the present 
invention, the form is not limited specially. And it is usable in not only the secondary lithium battery but also the lithium primary battery. 

It can manufacture in front of whether it is giddy with many method by using the metallic lithium anode illustrated or not. For example, the method as follows can be 
used. According to the normal method for being used with the lithium battery in manufacture, a cathode is manufactured. At this time, the lithium metal oxide, the 
transition metal oxide, the sulfur compound etc. can be used as the cathode active material. Thereafter, after a polyelectrolyte is inserted between a cathode and 
anode manufactured according to the present invention and this is done with the winding (winding) or it does with the stacking (stacking) and the electrode structure 
is formed, it assembles whether this is put into the battery case and it limps. By injecting the electrolyte containing the organic solvent and lithium salt within the 
battery case in which a next, and the electrode structure are accepted the lithium battery is completed. 

The other example which manufactures the lithium battery by using the metallic lithium anode is as follows. After the separator consisting of the insulating resin 
having the network structure between a cathode and an anode obtained according to the normal method is inserted and this is done with the winding (winding) or it 
does with the stacking (stacking) and the electrode structure is formed, it essembles whether this is put into the battery case and it limps. Here, it is preferable that a 
separator is the polyethylene separator, the polypropylene separator, the polyethylene / polypropylene 2 layer separator, the polyethylene / polypropylene / 
polyethylene trilaminar separator or the polypropylene / polyethylene / polypropylene trilaminar separator. The lithium battery of the invention injecting an electrolyte 
within the battery case in which a next, and the electrode structure are accepted is completed. 

The lithium salt , and the organic solvent and polyelectrolyte used for the lithium battery can use without a limit if it is known in the target technology part. 



[^Effect of Invention (Device) 

The protective layer more than the protective layer and 1 positioned at the surface of the lithium metal layer perform the role of the protective layer which successively 
prevents the direct contact of the lithium metal layer and electrolyte positioned inside the lithium metal layer. Therefore, the lithium battery which includes the metallic 
lithium anode in which the life is improved if it uses the metallic lithium anode can be obtained. 

© Scope of Claim(s) 
© Claim [l] 

The metallic lithium anode which more includes the second protective layer positioned inside the lithium metal layer more than the first protective layer located on surlace the 
opposile side surlace of the surface-contacting the current collector ol the lithium metal layer as to the metallic lithium anode, including the lithium metal layer on the current 
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collector and 1. and the protective layer has the lithium ion conductivity, and is separated from the end part of the metallic lithium anode. 



© Claim 12] 

The metatlic lithium anode of claim t. wherein the protective layer is the orrjanic protecting layer including Ihe orrjanic material. 
© Claim [3] 

The metallic tithium anode of claim 2, wherein the organic protecting layer consists of the thickness of 5 m through 0.05. 
© Claim [4] 

The metallic lithium anode of claim 2. wherein the organic protecting layer is formed from the composition including the acrylate monomer such as the epoxy acrytate. the 
urethane acrylate, the polyester acrytate. the silicone acrylate, the acrylaled amine, the glycol acrylate and polyglycols acrylate, the lithium salt, and the polymerization initiator. 

© Claim [5] 

The metallic lithium anode ol claim 2, wherein the organic protecting layer includes the polyethyleneoxide system resin, a potymer such as the acrylonitrile resin and 
polymethacryl system resin, and the lithium salt. 

© Claim [6] 

The metallic lithium anode of claim t . where jp the pj otgctive layer is the inorganic protecting layer including the inorganic substance. 



O Claim [7J 

The metallic lithium anode of claim 6. wherein the inorganic protecting layer consists of the thickness of 2 through 0.01 . ""-"-n. 

© Claim [8] \ 

The metallic lithium anode of claim 6, wherein the inorganic protecting layer includes the lithium silicate, the litium borate, the lithium aluminate. the lithium phosphate, the I 
lithium phosphorus oxynitride. the lithium silicosutfide. the lithium gate agate sulfide, the lithium lanthanum oxide, the lithiumtitanium oxide, the lithium borosulfide. a J 
lithiumaluminosulfide, the lithium phosphosulfide. Ihe lithium nitride or these mixtures. _ J 

© Claim [9] 

The metallic lithium anode of claim 1 . wherein the protective layer includes the inorganic protecting layer more than the organic protecting layer more than I and 1 . 
© Claim [10] 

The metallic lithium anode of claim 1, wherein the second protective layer more includes the metal layer absorbing the lithium and escape: and the metal layer is positioned at 
the surface ol the transmitted contact surface direction ol the second protective layer. 

© Claim [11] 

The metallic lithium anode of claim 10. wherein the thickness of the metal layer is 1 f* through 0.01. 
© Claim [12] 

The metallic lithium anode ol claim 10, wherein the metal layer includes zn, mg, and one or greater selected between Sn and Al. 
© Claim [13] 

The secondary lithium battery including the anode according to one term among the claims 1 through 12. 
© Claim [14] 

The lithium primary battery including the anode according to one term among the claims 1 through 12. 
© Drawing 

c 
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